o
</PH- ENIX

SPHENIX Cost and Schedule Review

Project Management Break Out

Nov 9-10, 2015
BNL

11/09/2015 Cost and Schedule Review EO'B 1



A~

Documentation Made Available to the Committee

* Preliminary Conceptual Design Report

« WBS and WBS Dictionary

* SPHENIX Science Proposal to DOE plus DOE Review report
e Basis of Estimate Documents

* Preliminary Risk Analysis and Mitigation Document
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Recommendation Resolution Database PH.ZENIX
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* Preliminary Safety and Hazard Analysis SPHENIX preConcepiual Design Report

October 27, 2015

* Preliminary Quality Assurance Plan
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sPHENIX Project Scope

1.1 Project Management e

1.2 SC-Magnet SOLENOID
1.3 Tracker

INNER HCAL
1.4 EMCal
1.5 HCal

1.6 Calorimeter Electronics
1.7 DAQ/Trigger

1.8 Infrastructure

1.9 Installation/Integration

EMCAL

TRACKER

* Tracker to be funded from outside sources, Japanese funding agencies, NSF
and other international sources.
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Project Organization
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Office of Nuclear Physics
J. Gillo
Director of Facilities &
Project Management Div
E. Bartosz
Program Manager

BHSO
F.Crescenzo
Site Manager
L. Nelson
Federal program Director
I

BML Muclear and Particle Physics Directorate
B. Mueller

Associate Lab Director

D. Lissauer

Deputy Associate Lab Director

sPHEMIX Collaboration
Spokesperson

Support Office
P. Giannotti ES&H
J. Eng QA
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Project Office
E. O’Brien Project Coordinator

J. Haggerty Project Manager — Science
J. Mills Project Manager - Engineering

D. Lynch Chief Engineer
| Sourikova Project Controls
R. Ernst Resource Coordinator

-—-- -I Project Management Group

J. Dunlop

Project Management Office

Engineering and Facilities
J. Mills

| | WBS 1.2 Magnet

K. Yip

WBS 1.8 Infrastructure
P. Giannotti

WBS 1.9 Install & Integration

WBS1.1
I. Sourikova
R. Ernst
Science
J. Haggerty

D. Lynch

WBS 1.3 Tracker

— | Nakagawa Silicon

T. Hemmick TPC

WBS 1.4 EMCal
C. Woody

WBS 1.5 HCal
J. Lajoie

WBS 1.6 Cal Electronics
E. Mannel

WBS 1.7 DAQ/Trigger
CY Chi




Basis for the Project Plan

N
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Defined the complete Project including all components of the Total Project
Cost, and key off-Project tasks like Decommissioning and the Cold
Acceptance Tests of the SC-Magnet.

Defined a WBS structure

Assigned cognizant engineers and scientists to define all project tasks,
durations, fixed(M&S) costs and labor assignments by labor category

— 40-45 people worked on this
— > 1600 tasks defined

Everything entered into MS-Project (no P6 expertise on the project yet)

Estimated all material costs through engineering estimates, discussions
with vendors, previous experience.
— ~ 80 items with costs > S50k. Wrote a Basis of Estimate for.

Assigned BNL labor rates to appropriate job categories
Linked all tasks to create resource loaded schedule plus budget

We also had the engineers and scientists fill out contingency estimates for
each task based on material and labor risks. We have the ingredients for a
bottoms-up contingency estimate, but it’s not yet implemented.



WBS Structure BHTENX

1 sPHENIX Design, Production, Commissioning

1.1 Project Management :
The WBS structure was designed for:

-2 Magnet Natural tion of iect and off-project cost
1.3 Tracker atural separation of on-project and off-project costs
1.4 EMCal and resources

1.5 HCal * Allows one to balance resources and link tasks

. a

between on-project and off-project WBS elements

1.6 Calorimeter Electronics * No major changes to WBS structure once we get CD-1

1.7 DAQ/Trigger
1.8 Infrastructure

1.9 Installation/Integration

2 sPHENIX Preconceptual Activities

2.1 Decommissioning

2.2 Magnet Acceptance Testing

2.3 Tracker Generic R&D and Preconceptual Design

2.4 EMCal Generic R&D and Preconceptual Design

2.5 HCal Generic R&D and Preconceptual Design

2.6 Calorimeter Electronics R&D and Preconceptual Design
2.7 DAQ/Trigger generic R&D and Preconceptual Design
2.8 Infrastructure Preconceptual

2.9 Installation and Integration Preconceptual
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Critical Decision Scenario
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Initiation efinition Execution
Today Closeout

V&

v

T CD-0 Apr 2016
| - cD-1 Nov 2017

Critical Agg;gle cD-1 CcD-2 . o4 CD-2/3 Jul 2018
DEcISIonS wisgion Need SR e A rstallaion 1S of Ready for Beam Feb 2021

=

1.
Selection  Baseline (PB) Operations ¢

13
and iCost co-3 Project | CD-4 Feb 2022
Ral Comgletion
ange Apprové Start of -
Construction or Assumption:
Exeqution *3 Months CR

Reque'st/Receive
Construction Funds

*Will receive 1/12 per
month during CR

-~

CY 2016 2017 2018 2019 2020 2021 2022 2023

*Operating Funds are used for conceptual design between CD-0 and CD-1. Operating funds may also be used prior to CD-4 for R&D, NEPA, D&D, ES&H, transition,
startup, and training costs. Non-federal funds from other sources that are considered capital funds and are included in the “Total line item cost” as OPC.

*Good Practice—For the first year that TEC is requested, ensure that OPC is also requested for that year. The OPC will allow the project to continue in a long CR until TEC
is available and new starts are allowed.

*MIE funds are more flexible than Line Items. Moving OPC to TEC or vice versa is much easier than for Line-ltem reprogramming since MIE funds are “batched.”

*New Start is defined as the first use/appropriation of any TEC funds (including TEC PED) for both line items and MIEs project.
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Initial schedule shows Installation complete Mar 1 2021. Commissioning complete Apr 29, 2021.
Based on authorization for CD-1 Nov 2017, CD-2/3 Jul 2018.

Two approaches to address the tight schedule:
D-3a in Nov 2017 for long lead time items. 2) One year stretch in the schedule

1) C

| Tk Mhamman g Lams Lanae Loy Lama [T Lanan Lapza
* Preconceptual R&D Work ik Mg
E €0-0 Authorization [ [ edms
* Conceptual Design and Prototype RED f— e o - -
- CD-1 Authorization « tpapy
= Detailed Design and Preproduction Prototype Waork e f——
= €D-2/CD-3 Authorizaion & BrmnE
B Procure Tracker Sensors and Sensor Modules - e R—————
E Si Strip Ladder Assembly —— v
* Tracker Repdyto st 0 ] v g+ & e
= EMCal Electronics Sensors ————— e W3S
H Colarimeter - On Detector Blectrgndes | 000 g E——— s ]
b Electronics Ready for Installation on HecalCalorimeter & AR
i Electranics Ready for Installatio on EMCal & B/11/13
e Calorimeter Digitiver System % Tz ten
» Procure and Manufacture Calorimeter Modules I N (S e _”:": T I I
bl EMCal First Sector Ready for Installation & W
17 Procure CuterHoalAbsorler | 4 L CD2/3 Approval _____ _B:‘j' St _ o]
18 Procure Scintillator Tiles é srures
b Dwter Heall Assembly and Testing é sf1iee
o First Sector Inner Hcal Ready for Installation - Bizza
1 First Sector of Outer Hcal Ready for Installation - 2RSS
3 Fabricate Pedistal, Bridge Structural Steel, Pole Tips [ e
- Pedistal Base Ready for Installation & ST
o Start Installation & &/TanE
= Hzll Preperation —_ e = Tyzerm
o install Pedistal Base and Upper Cradle z:"’m.,
& Awaiting First Sector Outer Heal it sfzfze
= Install Lower Half of Heal — /2
o Coil ready for delivery to Assembly Hall « TRsiEy
B Install Coil = o i
o Install Upper Half of Outer Hcal E=a 1T
= Reinstall Coil Valve Box in Assembly Hall m— Bz sm
= Install Pole Tips and Complete Carriage = 8/2TiT0
= Assemble, Prealign, and Install Inner Heal .% 1¢2n/mm
= Install EMCal
- Mwaiting Tracker
5 nstall Teacksr Construction complete
- Complete Construction
= Perform Commissioning
e Ready for Beam d f > P
WPHEMX Profect - Cont and Schecule Reeisw Pagw 1 Rea y or Beam W mtsar 4, 015




SPHENIX Schedule

* A CD-3a for HCal steel procurement at time of CD-1 and permission to begin SiStrip production

Vi i:‘.'ﬁ\/_‘
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in Japan at CD-1 brings the Ready for Beam date back to Jan 2021.
* SiStrip production start is on critical path with HCal steel purchase lagging by 3 wks

* For a 1 year schedule stretch, and no CD-3a, has the detector Ready for Beam date is May 1,

2021 with a 7 month float to RHIC beam in Jan 2022.
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Material Cost by FY & WBS Category™ ="

All in FY165

Sum of Fixed Cost Column Labels -
Row Labels -1 | Descriptions 2016 2017 2018 2019 2020 2021 Grand Total
=11.1 Project Mgt 10,000 20,000 20,000 20,000 20,000 5,000 95,000
=11.2. Magnet 1,877,764 28,000 1,905,764
=11.4. EMCal 35,000 263,000 565,000 3,700,000 4,563,000
=11.5. HCAL 5,999,000 160,000 6,159,000
=11.6. Cal Elec 105,000 107,000 4,162,200 30,000 4,404,200
=-11.7. DAQ & Trigger 16,000 71,000 1,116,000 525,000 1,728,000
=I1.8. Infrastructure 1,075,000 593,000 1,668,000
=119, Installation 263,000 7,500 29,000 12,000 311,500
Grand Total 166,000 461,000 15,077,964 5,063,500 49,000 17,000 20,834,464

$20.8M, ~6% above Nov 2014 estimate

Budget savings are being investigated including :

* Min Bias Trigger Det in WBS 1.7 contributed by international institution ($S0.5M)
 R&D being performed now may mitigate the need to charge this work to the TPC
* NSF contributions (for instance EMCal electronics, $4M)

e Retirement of risk and assoc. contingency reduction as R&D advances

* General scrubbing
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Material Costs by Subsystem w/o Tracker ~—*®
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sPHENIX Fixed Cost By Subsys(NO Tracker)

Project Management
Installation 1.9: 3311,500\ ( 1.1: $95,000

Infrastructure  1.8: $1,668,000 = ™\ 1.2:$1,905,764 Magnet

1.7- $1,728,000
DAQ/Trigger
EMCal

— 1.4: $4,563,000

- / : g
1.6: $4,404,200 Total: $20,834,464

Cal Electronics

\

Cost and Schedule Review EO'B

1.5: 36,159,000 HCal
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Material Cost Profile -Direct
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17.5M

15M

Budget authority profile
12.5M Assume 100% accrual on the

day procurement is initiated. Procurement or accrual delays by 1Q

push S10M+ from FY18 to FY19.

2 10m Acquisition strategy will
§ be applied to smooth the
% _ .\, Distribution.
5M
2.5M
$186,000 $441,000 $48,000 $18,500
2016 2017 2018 2019 2020 2021

¥ Fixed Cost

11/09/2015 Cost and Schedule Review EO'B
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Labor Profile for DOE Project ™™=

University contributions of scientists and students not shown

50

45

40

35

30

25

20

15

10

SPHENIX LABOR BY CATEGORY
Il aoMmiN B Enc B pPmsclt [ PuRCH [ TECH

46 2 FTE

36. 3 FTE

27. 6 FTE

18.9 FTE

5.8 FTE

1.7 FTE
1.2 FTE

2.4 FTE
2016 2017 2018 2019 2020 2021

Almost all engineers and on-project scientists have been identified along with
~10 FTEs of techs. A challenge is the technician “bump” in FY19-20.

11/09/2015 Cost and Schedule Review EO'B 13



Labor Profile for DOE Project ™™

University contributions of scientists and students not shown
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SPHENIX LABOR BY CATEGORY
Il aApMIN B Enc EpMmscl B puRcH [ TECH

46 2 FTE

36. 3 FTE

27. 6 FTE
25 7 FTE

18.9 FTE

~ 12 FTEs of techs
need to be found in
both FY19, FY20

2016 2017 2018 2019 2020 2021

Two approaches to address technician bump in FY19/FY20:

« 1 vyear schedule stretch smooths the bump and makes it manageable ( +$500k)

* Cover work by a combination of univ labor, job shoppers, vis sci, students (- $2000k)
The second approach creates a “re-direct” challenge 14




Labor Cost by FY & WBS Category ™ ™"

All in FY16$ Costed at BNL labor rates

Row Labels WBS Description FY 16 FY 17 FY 18 FY 19 FY 20 FY 21 Grand Total

1.1 Project Management 5545,173 51,059,252 51,053,624 51,068,883 51,073,176 5511,967 55,312,075
1.2 Magnet 5760,847 5663,760 5838,987 51,155,310 5548,814 56,847 53,974,566
1.4 EMCal 5252,504 5669,520 5707,488 51,901,348 51,811,637 519,859 55,362,356
1.5 HCAL $740,666 $976,017 §746,224 $1,373,509 $1,547,746 45,384,163
1.6 cal Elec $249,224 8435,659 §284,193 $194,177 $10,656 $1,503,909
1.7 DAQ & Trigger 5101,124 5177,306 5197661 5342,002 536,528 5854,710
1.8 Infrastructure 5399,598 5547,268 5200,354 5715,743 564,325 51,927,289
1.9 Installation 5119,246 5103,883 5262,111 5449,811 5599,895 5437,945 51,972,890
Grand Total 53,168,383 $4,632,666 $4,290,642 47,500,873 5,722,778 $976,618 $26,291,058

Budget changes are being investigated including

Reductions:

* Substituting fraction of BNL Techs in FY19, FY20 for Visiting scientists, contract labor
and students, or stretching the schedule allowing the techs to spread into FY21.

e R&D being performed now under LDRDs and Program Development Funds may
mitigate the need to charge some work in FY16-FY18 to the TPC

e Retirement of risk and assoc. contingency reduction as R&D advances

e General scrubbing

Increases:

* A1 vyearschedule stretch out adds ~S400k in escalated labor costs

11/09/2015 Cost and Schedule Review EO'B 15



Assigned Labor Rates
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Labor rates assigned with FY16 BNL Labor bands and sorted by Department

Exerpt from Microsoft Project Resource Table

Resource Mame Type Group Std. Rate Accrue At Basa Calendar
ADMINT FO work Administrative 583.15/hr| prorated SE:T:“'*-H""‘“""
PROF3 PO E Wark Engineering 520.84/hr Prorated sz:f:““‘—*"’"da'-’"
PROF3 PO M Waork Engineering 585 d/hr| Prorated SZ:EI:“”‘HGMWS
PROFA4 PO E work Engineering $104 30/hc prorated SZ:T'”—H””“""
PROF4 PO M work Engineering $104.30/hr |Prorated %_S-F;:T:“”_-HGU@??‘_S
SCIAFO work scientific $121.50/hr|Prorated SE:T'”—H“”“""
TECH3 PO E work Technical $81.10/hr | Prorated SE:EI:"”—H“”“""
TECH3 PO M work Technical sa1.10.'h:;}'3ra;g_q_ SE:T'”-HG”“"S
TECHI PO D Waork Technical 581.10¢hr| Prorated ﬁ.-'hsﬁc'.:!i';;:‘.-l.l_H-:I|da-_,-s
_onl~,_

ADMINT AD work administrative $53.15/hr| Prorated SZZT'*—H”W?ES _
PROF3 AD work Enginesring $8% 84/hr Prorated SE:_'TH—HG”“VS
PROF4 AD Waork Engineering £104.30/hr Prorated SZ:EI:“”‘HGMWS
SCI3 AD wark scientific $121.50/hr | Prorated SE:EI:“”—”G”“""
TECH3 AD work Technical $81.10ihr|Prorated SE:EI:""-H“”“""

Used standard band rates (nearest] the average rate of the Physics Staff population currently
charging Experimental Operations.

Use a standard productive hours of 1760

The project files also inlude the standard BML Holiday schedule.

Code

Physics
Physics
Physics
Physics
.Ehy‘@i_c_s
Physics
Physics
Physics

Physics

lcap
J

Ca-D

CA-D

Ca-D

cA-D e

Standard Labor Rates for FY16 as of Sep 1, 2015

2080 hrs (Unicn Esc)
2088 Hrs
Y Io
Annual
FY 16 Cost
FY1l6  Rate Salary
Frinze Prod with and

Band Rate Hrs  Fringe Fringe
ADNTN 39.0% 1763.12 4225 §7440182
Ao | 390 7 5330 9156768
ADNING 39.0% 63.15 10922475
ADRINA 30.0% 7520 13181179
ADMING | 39.0% | 176878 o270 16396604
ADNING 3900 176827 1270 21606722
ADNTINT 30.0% 178012 5920 28330530
PROF] 30.0% 121672 5000 DOBE3620
PEOF2 39.0% 177895 7210 12826202
TPROEI | 39407 L774.55 8985 15944372
PROF 39.0% T2 10430 184.006.00
PROFS 39.0% 175646 12170 213,761.68
PROF 39.0% 178510 400 25705392
SCI1 390% | LE7630 8570 16267556
SC12 390% | 180263 10630 19162006
E 30.0% 170536 12150 21813681
[sci 390% | 179965 14435 259,779.51
SCI5 ~39.0% | 177810 17905 31836917
39006 | 203868 2280 4603736
30.0% '“1;3]5.05 5420 0837548
39.0% L7355 035 12209536
30.0% 173437 B110 140.657.06
300% | LT46.64 9255 16165109

16



Budget Scenarios

Standard Scenario in the Project files:

e (CD-1 start Nov 2017, CD2-3 start Jul 2018
* Need CD-3a of long lead time items to complete by Jan 2021

e Little float on the critical path
* Labor bumpin Techs in FY19, FY20

Standard scenario with one year stretch

« Same CD1 and CD-2/3 starts

 W/O CD-3a, sPHENIX ready for beam May 2021 w/ 7 month float to Jan 2022 RHIC run
* Smooths tech bump

* Modest escalation costs

Standard Scenario with budget reductions

* Same CD1 and CD-2/3 start

 Need CD-3a of long lead time items

* Take credit for successful planned NSF MRI( EMCal electronics for instance)

* Fix FY19,FY20 tech bump (12 FTEs* 2 years) w/ Univ labor, Vis Sci, job shoppers & stdnts.
* Reduces savings from project labor burden. Impacts potential redirects



Standard Scenario in Project Plan ™™=

Summary of sSPHENIX Cost Estimate at WBS Level 2

ké&'s
WBS WES Description Labor Material Total
1.1 Project Management 5312 95 5407
1.2 Magnet 3975 1906 5880
14 EMCal 5362 4563 9925
1.5 HCalL 5384 6159 11543
1.6 Calorimeter Electronics 1504 4404 5908
1.7 DAQ & Trigger 855 1728 2583
1.8 Infrastructure 1927 1668 3595
1.9 Installation/Integration 1973 312 2234
Subtotal sSPHENIX TPC FIX FY 16 kb 26292 20834 47126
Indirect Estimates 8992 1945 10937
Escalation Estimate 2643 1021 3664
Subtotal sSPHENIX TPC FY fully Loaded AY k% 37027 23800 " 61727
Contingency Estimate 5987 6955 12942
Total SPHENIX TPC * (k%) 43914 30755 74669

Includes overhead, contingency and escalation

Labor - based upon BML FY 16 published standard labor band rates (salary & fringe) as of September 1, 2015.

Composite indirect rates includes: organizational burdens, and all applicable Laboratory applied overhead and burdens at the
extraordinary construction rate as of September 1, 2015.

Componded Escalation: 3% on Labor and 2% on Material

Contingency 5% on OPC activities; 20% on TEC Labor and 30% on TEC Material

* based on pre CD-0 estimates

11/09/2015 Cost and Schedule Review EO'B 18



Standard Scenario w/ 1 Year Stretch™ ="

All BNL Labor - Different Contingency Approach - 1 Year Stretch
Summary of sSPHENIX Cost Estimate at WBS Level 2

k&'s
WBS WBS Description Labor Material Total
11 Project Management 5312 95 5407
1.2 Magnet 3975 1906 5880
14 EMCal 5362 4563 9925
15 HCalL 5384 6159 11543
1.6 Calorimeter Electronics 1504 4404 5908
1.7 DAQ & Trigger 855 1728 2583
1.8 Infrastructure 1927 1668 3595
1.9 Installation/Integration 1973 312 2284
Subtotal sSPHENIX TPC FIX FY 16 k% 26292 20834 47126
Indirect Estimates 8992 1945 10937
Escalation Estimate 3003 1021 4024
Subtotal sSPHENIX TPC FY fully Loaded AY k% 38287 23800 62087
Contingency Estimate 6059 6955 12014
Total sSPHENIX TPC * (k5) 44346 30755 75101

Stretching the program Fixed FY 16 cost remain the same, impact to escalation and contingency.

Labor - based upon BML FY 16 published standard labor band rates (salary & fringe) as of September 1, 2015.

Composite indirect rates includes: organizational burdens, and all applicable Laboratory applied overhead and burdens at the
extraordinary construction rate as of September 1, 2015.

Componded Escalation: 3% on Labor and 2% on Material

Contingency 5% on OPC activities; 20% on TEC Labor and 30% on TEC Material

* based on pre CD-0 estimates

11/09/2015 Cost and Schedule Review EO'B 19



Reduced Cost Scenario w/ No Stretch ™"

All BNL Labor - Different Contingency Approach- Material and Labor Savings
Summary of sSPHENIX Cost Estimate at WBS Level 2

kS's
WBS WBS Description Labor Material Total
1.1 Project Management 5312 95 5407
1.2 Magnet 3975 1306 5880
14 EMCal 3208 4563 7771
1.5 HCalL 5384 6159 11543
1.6 Calorimeter Electronics 1504 404 1508
1.7 DAQ & Trigger 855 1728 2583
1.8 Infrastructure 1927 1668 3595
1.9 Installation/Integration 1973 312 2234
Subtotal SPHENIX TPC FIX FY 16 k% 24138 16834 40972
Indirect Estimates 8255 1945 10200
Escalation Estimate 2327 859 3187
Subtotal sSPHENIX TPC FY fully Loaded AY k5 34720 19639 54359
Contingency Estimate 6549 6651 13200
Total sSPHENIX TPC * (k$) 41269 26290 67559

Contingency increased to 35% on materials and 25% on Labor

1.4 EmcCal assumes $2154k in Fixed FY 16 labor savings and indirect and escalation savings
1.6 Calorimeter Electronics assumes $4000k in Fixed FY 16 material savings and indirect and escalation savings

Labor - based upon BML FY 16 published standard labor band rates (salary & fringe) as of September 1, 2015.

Composite indirect rates includes: organizational burdens, and all applicable Laboratory applied overhead and burdens at the
sxtraordinary construction rate as of September 1, 2015.

Componded Escalation: 3% on Labor and 2% on Material

Contingency 5% on OPC activities; 25% on TEC Labor and 35% on TEC Material

¥ based on pre CD-0 estimates

11/09/2015 Cost and Schedule Review EO'B 20



Budget Scenarios - continued
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Standard Scenario

Standard Scenario w/ 1 yr stretch

Standard Scenario w/ Budget Reductions

TEC Estimate AY 5M TEC Estimate AY SM TEC Estimate AY 5M
Labor 27.3 Labor 27.6 Labor 24.0
Material 23 Material 231 Material 19.0
Contingency (25%) 12.4 Contingency (25%) 12.4 Contingency (30%) 12.6

Subtotal TEC 62.7 Subtotal TEC 63.1 Subtotal TEC 55.6

OPC Estimate OPC Estimate OPC Estimate
Labor 10.7 Labor 10.7 Labor 10.7
Material 0.7 Material 0.7 Material 0.7
Contingency (5%) 0.6 Contingency (5%) 0.6 Contingency (5%) 0.6

Subtotal OPC 12.0 Subtotal OPC 12.0 Subtotal OPC 12.0

Total Project Costs (TPC) 74.7 Total Project Costs (TPC) 75.1 Total Project Costs (TPC) 67.6

11/09/2015 21
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2016 2017 2018 2019 2020 2021 2022 Grand Total

Standard Scenario
Total AYk$ with Burden & Contingency Estimate 4,667 7,299 29,552 20,839 10,459 1,854 74,669
Standard Scenario w/ 1 yr stretch
Total AY $ withBurden & Contingency Estimate 4,667 7,209 29,552 15,951 7,789 7,965 1,878 75,100
Standard Scenario w/ Budget Reductions
Total AY $ with Burden & Contingency Estimate 4,667 7,200 25,093 19,709 8,860 1,931 67,559

Standard Scenario

* Based on Project file. Ready for beam early 2021

Standard Scenario w/ 1 year stretch

* Based on Project file with additional 1 year stretch. Ready for beam in early 2022

* Total labor remains the same

Standard Scenario w/ Budget Reductions

* Based on Project file. Ready for beam early 2021

 ~12 FTE techs in FY19, FY20 assigned to job shoppers, Univ labor, Vis Sci, students

e Take credit for 1 successful NSF MRI

22
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Budget Calculation in Detail

All BML Labor -Different Contingency Approach

Summary Estimate

2016 2017 2018 2019 2020 2021 Grand Total

Constrained sPHENIX Labor
Fixed FY16 Direct Labor w/fringe 3,168,383 4,632,666 4,290,642 7,500,873 5,722,778 976,618 26,291,960
Estimated Composite Indirect on Labor@34.2% 1,083,587 1,584,372 1,467,400 2,565,299 1,957,190 334,003 8,991,850
Fixed FY16 Fully Loaded Labor 4,251,970 6,217,038 5,758,042 10,066,172 7,679,968 1,310,621 35,283,810
Escalation @ 3.0% 0" 186,511 350,665 933,134 963,336~ 208,743 2,642,889
Subtotal AY 5 4,251,970 6,403,549 6,108,706 10,999,306 8,643,804 1,519,364 37,926,699
Contingency at 20% 212,598 320,177 1,221,741 2,199,861 1,728,761 303,873 5,987,012
Budgeted Labor 4,464,568 6,723,726 7,330,448 13,199,167 10,372,565 1,823,237 43,913,711
Adjusted sPHENIX MES $166,000 $461,000 515,077,964 55,063,500 549,000 517,000 520,834,464
Estimated Composite Indirect 26,678 76,332 1,351,421 474,415 12,152 4,216 1,945,214
Subtotal FY 16 5 $192,678 $537,332 $16,429,385 $5,537,915 561,152 $21,216 i $22,779,678
Escalation @ 2% per FY ] 10,747 663,747 338,965 5,041 2,208 1,020,708
Estimate with Escalation $192,678 $548,079 $17,003,132 45,876,380 $66,193 $23,424 $23,800,386
Contingency @& 30% 9,634 27,404 5,127,940 1,763,064 19,858 7.027 6,954,927
Budget Material $202,312 $575,483 $22,221,072 47,630,044 586,051 530,451 $30,755,312
Total AY 5 with Contingency Estimate(20%L,30%M) 4,666,880 § 7,290,200 % 29,551,519 % 20,839,110 5 10,458,616 % 1,853,688 | ] 74,669,023
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Labor in FTEs by BNL Department ™ ="

WES Level 2 (Multiple Items) |-T

Sum of FTE (1760) Column Labels -1

Row Labels IT FY 16 FY 17 FY 18 FY 19 FY 20 FY 21 Grand Total

= Physics 15.2 24.3 20.2 36.2 31.2 5.2 132.2
Administrative 0.3 06 06 06 06 03 3.0
Engineering 0 110 83 1e 60 14 44.2
Proj Mgt Sci 1.2 23 23 23 23 1.2 11.4
Technical 6.7 104 9.0 227 224 24 13.7

='Magnet Div 11 03 08 09 0.2 3.3
Engineering 0.7 0.3 05 0.6 0.0 2.1
Technical 0.5 01 03 0.2 01 1.2

= F&O 00 05 33 1.3 02 5.2
Purchased Services 0.0 05 33 13 0.2 5.2

=ICA-D 26 30 42 59 36 04 19.6
Engineering 24 29 31 35 26 04 14.9
Technical 0.2 00 11 24 1.0 4.6

Grand Total 189 276 257 4b6.2 363 5.8 160.3
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Labor in FY16$ Direct by Department ™ =

Sum of Costs Column Labels  ~
Row Labels -T FY 16 FY 17 FY 18 FY 19 FY 20 FY 21 Grand Total
-ICA-D $468,464 $532,444 $708,683 $083,856 $620,536 $60,348 $3,383,330
= Engineering $440,825 $531,211 $554,756 $648,387 5$476,307 $69,348 $2,720,834
+PROF3 AD 51,797 559,833 570,578 51,150 5359 5133,718
# PROF4 AD $439,028 S471,378 $484.177 648,387 $475,157 $68,988 $2,587,116
=ITechnical $27,630 $1,233 $153,928 §335,469 $144,228 $662,106
HTECH3 AD 527,639 51,233 5153,928 5335469 5144228 5662,496
-IF&O $7,263  $08,246 $649,535 $257,014 $33,775 $1,045,833
=l purchased Services $7,263  $98,246 $649,535 $257,014 $33,775 51,045,833
+CRAFT3 57,263 598,246 5649,535 5257,014 S§33,775 51,045,833
= Magnet Div $186,146  $58,500 $133,514 §146,845  $24,035 $550,030
= Engineering $119,310  $47,561  $86,800 $111,810 $8,553 $374,043
+PROF3 AM 514,374 514,374
# PROF4 AM £119,319  $47.561  $72,426 $111,810 §8,553 4359,668
=ITechnical $66,826  $11,030 $46,714  $%35,035 516,382 $175,987
HTECH3 AM 566,826 511,030 546,714 535,035 516,332 5175,987
= Physics $2,513,773 $4,034,368 $3,350,198 %5,720,637 $4,820,203 $873,495 §21,312,766
= Administrative $32,363  $65,413  $65,151  $65,412  $65,676 $33,374  $328,390
HADMINL PO 533,363 565,413 565,151 565,413 585,676 533,374 5328,390
= Engineering $1,271,364 $2,002,653 $1,512,473 $1,025,644 $1,075,252 $248,000 48,036,395
+PROF3POE $45,639 589,481  $89,121  $89,481  $64,325 $378,047
HPROF3IPOM 513,224 557,209 514,015 511,356 554,479 5150,284
#PROFAPOE $174,673 5280400 $198,170 $223,035  §31,207 $21,194  $928,679
+ PROFAPO M $1,037,827 $1,575,563 $1,212,166 $1,601,772 $925,241 $226,816 56,579,385
= Proj Mgt 5ci $246,888 5484056 5482112 5484056 5486,000 5248,832 452,431,944
+SCI3_PO_PM $246,888 S484,056 $482,112 $484.056 $486,000 $248,832 $2,431,944
=ITechnical $062,158 $1,482,246 $1,289,463 $3,245,524 $3,193,366 $343,280 510,516,037
HTECH3POD 5778,632 5364,547 5352,221 5222,668 538,870 56,553 52,263,490
+TECH3 PO E 48,629 $4542 953,850 $306,298 $352,622 $222,538  $948,480
+TECH3 PO M $174,897 S5613,157 $883,392 $2,716,558 $2,801,874 $114,189 57,304,067
Grand Total $3,168,383 54,632,666 54,290,642 57,500,873 55,722,778 5976,618 526,291,958
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Estimated Tracker Costs

Summary of WBS 1.3 Tracker Fixed FY 16 k5's

k&'s
WBS WES Description Labor Material Total
Option1 1.3 Tracker - Si 2926 4738 7664
Option2 1.3 Tracker - TPC 1889 2172 4061

Tracker currently has two different technology options and is not part of the proposed DOE TPC estimate.
Labor - based upon BNL FY 16 published standard labor band rates [salary & fringe) as of September 1, 2015 to
allow comparative bench marking.
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Magnet Direct Materials and Labor FY165S nTENIX

SPHENIX MAGNET LABOR PROFILE
ENG EETECH [ PURCH

7 FTE

Magnet DOE Project
4.61 FTE -~ La bor

3.98 FTE

3.2 FTE

0.05 FTE

SPHENIX MAGNET BUDGET
W MAT
$1,877,764

1906 FY16kS
Direct Materials




EMCal Direct Materials and Labor FY16S
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SPHENIX EMCAL LABOR PROFILE

13.2 FTE
0.41 FTE
12.79 FTE
4.71 FTE
4.22 FTE
1.84 FTE
1.55 FTE
0.92 FTE 2.38 FTE
0.63 FTE
2016 2017 2018 2019
SPHENIX EMCAL BUDGET
$3,700,000
$3,700,000
$565,000
$263,000 $565,000
2016 2017 2018 2019

Cost and Schedule Review

12.53 FTE

0.79 FTE

11.74 FTE

2020

$0
2020
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W ENG W TECH

EMCal DOE Project

Labor

0.11 FTE

2021

W mAT

4563 FY16k$

Direct Materials

$0
2021 7
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HCal Direct Materials and Labor FY16S SPHRENIX

SPHENIX HCAL LABOR PROFILE
11 MENG M TECH [ PURCH

10.18 FTE

8.99 FTE 177 FTE

HCal DOE Project
Labor

6.21 FTE

2.03 FTE

4.64 FTE 4.73 FTE

8.41 FTE
1.42 FTE

1.92 FTE

OFTE

2016 2017 2020 2021

2018 2019
SPHENIX HCAL BUDGET
6500k B MaT

$5,999,000
6 000k

5 500k

5 000k

6159 FY16kS
Direct Materials

3 500k

3 000k $5,999,000
2 500k
2 000k
1 500k
1 000k

500k

$160,000
@ $0 §0 £0 §0
2016 2017 2018 2019 2020 2021 )
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CalElectronics Direct Materials and Labor FY168* =

SPHENIX CALEL LABOR PROFILE

3.25 M ENG W TECH
3 2.96 FTE
275
25 2.43 FTE ° .
Cal Electronics DOE Project
2 1.85 FTE La bo r
17
1.57 FTE
1o 1.4 FTE 1.9 FTE
1:2%
1
OTETE 1.26 FTE
0.7
05 1.11 FTE
0.25 0.53 FTE 0.23 FTE
0.33 FTE 0.31 FTE 0.17 FTE
0.06 O FTE
2016 2017 2018 2019 2020 20217 7
SPHENIX CALEL BUDGET
4500k W MAT
$4,162,200
4 000k
3500k $
3 000k
o .o
Direct Materials
2 500k
2 000k $4,162,200
1500k
1 000k
500k
) _$30.000 0 s0
2016 2017 2018 2019 2020 20217 ‘

11/09/2015 Cost and Schedule Review EO'B o 30



DAQTrig Direct Materials and Labor FY16S
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$16,000
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SPHENIX DAQ & TRIGGER LABOR PROFILE
M ENG M TECH

2.06 FTE

DAQTrig DOE Project

Labor
1.11 FTE
1.02 FTE
0.69 FTE S
0.23 FTE
0.33 FTE 0.32 FTE 0.11 FTE
0.12 FTE 0 FTE
2017 2018 2019 2020 2021
SPHENIX DAQ & TRIGGER BUDGET
M MAT

$1,116,000

1728 FY16kS
Direct Materials

$1,116,000 $525,000

$71,000
0 0

2017 2018 2019 2020 2021»
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Infrastructure Direct Materials and Labor FY16S
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SPHENIX INFRASTRUCTURE LABOR PROFILE

4.11 FTE

3.34 FTE

2.47 FTE
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000k
900k
800k
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Installation/Integration Direct Materials and Labor FY16SPH EnX

SPHENIX INSTALLATION LABOR PROFILE

Installation/Integration
DOE Project Labor

2.5 FTE

1.55 FTE

0.71 FTE
0.57 FTE
O FTE
2017 2018 2019 2020 2021
SPHENIX INSTALLATION BUDGET
™M,
$263,000
Direct Materials
$29,000
$12,000
s P Ll '

2016 2017 2018 2019 2020 2021
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Project Management Direct Materials and Labor FY16S
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SPHENIX MANAGEMENT LABOR PROFILE
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2019
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2020
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Tracker Direct Materials and Labor FY16S
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o

Summary

A Resource-loaded Project Plan has been created for the sPHENIX Project
— It has been used to analyze resource needs and schedules
— Material costs have been added to the project plan

— It is now possible to run project scenarios that would vary CD-X approval dates, resource
availability and RHIC schedule

The Project team has been established and a large team of people are
contributing to the planning.

SPHENIX can be completed for a Jan 2021 beam start but would require a
CD-3a in early FY18 that approved long lead time purchases (HCal steel)
and an early production start to the SiTracker. The critical path has very
little float in this scenario.

A one year stretch schedule can add significant float to the project, up to 7
months, and help relieve a bump in labor requirements in FY19-20.

There are a number of places where we believe we can scrub the labor and
material costs, and take into account non-DOE funding possibilities.
Considerable cost reductions seem possible. This needs to start soon.
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< PH “ENIX

Reduced Budget Calculation in Detail
All BNL Labor - Different Contingency Approach- Material and Labor Savings
Summary Estimate
2016 2017 2018 2019 2020 2021  Grand Total

Constrained sPHENIX Labor

Fixed FY16 Direct Labor w/fringe 3,168,383 4,632,666 4,290,642 6,423,753 4,645,658 976,618 24,137,720
Estimated Composite Indirect on Lat 1,083,587 1,584,372 1,467,400 2,196,924 1,588,815 334,003 8,255,100
Fixed FY16 Fully Loaded Labor 4,251,970 6,217,038 5,758,042 8,620,677 6,234,473 1,310,621 32,392,820
Escalation @ 3.0% o 185511 350,665 799,137 782,426 208,743 2,327,482
Subtotal AY 4,251,970 6,403,549 6,108,706 9,419,813 7,016,899 1,519,364 34,720,302
Contingency at 20% r 212,598° 320,177 1,527,177 2,354,953 1,754,225 379,341 6,548,972
Budgeted Labor 4,464,568 6,723,726 7,635,883 11,774,767 8,771,124 1,899,205 41,269,274
Adjusted sPHENIX M&S $166,000  $461,000 $11,077,964  $5,063,500 $49,000  $17,000  $16,834,464
Estimated Composite Indirect 26,678 76,332 1,351,421 474,415 12,152 4,216 1,945,214
Subtotal FY 16 $ $192,678  $537,332 $12,429,385  $5,537,915 $61,152  $21,216  $18,779,678
Escalation @ 2% per FY 0 10,747 502,147 338,965 5,041 2,208 859,108
Estimate with Escalation $192,678  $548,079 $12,931,532  $5,876,880 $66,193  $23,424  $19,638,786
Contingency @ 35% r 9,634 27,404 4,526,036 2,056,908 23,168 8,198 6,651,348
Budget Material $202,312  $575,483 $17,457,569  $7,933,788 $89,360  $31,623  $26,290,134

Total AY 5 with Contingency Estimat $ 4,666,880 &% 7,299,209 $25,093,451 § 19,708,554 § 8,860,485 $1,93ﬂ,828| S 67,559,407
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Labor Table in FTE by FY for DOE Project

Sum of FTE (1760) Column Labels | -
Row Labels -T 'WBS Description FY 16 FY 17 FY 18 FY 19 FY 20 FY 21 Grand Total
=1.1 = Project Management 29 57 57 57 57 27 28.3
Administrative 03 06 06 06 06 03 3.04 | sum of FTE (2059) Column Labels |+
Engineering 14 28 28 28 28 13 14.0{| | Row Labels -T|WBS Description  Group  FY 16 FY 17 FY 18 FY 19 FY 20 FY 21 Grand Total
Proj Mgt Sci 1.2 2.3 2.3 2.3 2.3 1.2 1140 =14 = EMCalL Student 0.00 0.05 0.42 8.07 13.31 0.00 21.86
1.2 = Magnet 46 40 50 69 32 00 238l 715 = HCAL Student 0.00 0.00 0.27 4.16 6.92 0.00 11.35
Engineering 56 23 27 33 18 00 12711518 = cal Elec . Student 0.00 0.00 0.00 2.22 0.38 0.00 2.60
_ =1.7 = DAQ& Trigger  Student 0.3 0.28 0.51 1.8 0.42 0.00 3.22
Purchased Services 03 06 0.2 | BT S Installation student 0.00 0.00 0.00 0.00 0.00 2.49 2.49
Technical 20 16 20 31 12 00 10.00| Grand Total 0.13 0.33 1.19 16.34 21.03 2.49 41.51
=1.4 ='EMCaL 1.5 4.2 4.7 132 125 01 36.3
Engineering 0.9 1.2 10 04 08 01 5.0
Technical 0.6 24 3.7 128 11.7 31.3
=1.5 =IHCAL 46 6.2 48 87 103 3.7
Engineering 15 20 14 12 18 8.3
Purchased Services 00 00 1.7 01 1.g] [Sum of FTE(1760) . e~
Technical 57 47 33 59 84 4.5 Row Labels -T 'WBS Description FY 16 FY 17 FY 18 FY 19 FY 20 FY 21 Grand Total
216 = cal Elec 14 25 16 20 02 87 =1.2 ='Magnet 07 06 06 06 05 01 31
Scientific 07 06 0B 08B 05 01 3.1
Engineering L1 15 13 18 02 631 [=1a = EMCaL 23 26 15 23 37 o1 12.4
Technical 03 06 03 11 01 24 Scientific 23 26 15 23 37 01 124
=117 = DAQ & Trigger 0.6 1.0 1.2 2.1 0.2 5.1 =1.5 = HCAL 2.2 3.1 2.5 2.2 2.6 12.5
Engineering 04 07 03 11 01 31 Scientific 22 31 25 22 26 12.5
Purchased Services 0.0 0.0 =1.6 =Cal Elec 032 05 03 01 1.2
Technical 03 03 03 10 01 2.0 Scientific 03 05 03 041 1.2
=/1.8 = Infrastructure 25 34 12 42 04 11.6 =17 = DAQ, & Trigger 09 16 17 24 04 6.9
Engineering 1.3 2.0 1.1 3.3 0.4 81 Scientific 0.9 1.6 1.7 24 04 6.9
Purchased Services 0.0 0.0 0.0 =1.8 = Infrastructure 0.1 0.2 0.1 0.2 0.1 0.7
Technical 1.1 1.3 01 09 3.4 Scientific 01 02 01 02 01 0.7
919 “Installation 07 06 15 25 36 29 119 |19 “/Installation 01 02 02 02 03 14 25
Engineering 0.4 0.6 0.8 0.8 0.7 04 3.7 Scientific 01 02 02 02 03 1.4 2.5
Purchased Services 02 10 05 02 23| |SrandTotal 66 83 69 380 76 15 393
Technical 0.3 0.6 07 19 2.4 5.9
Grand Total 189 276 257 46.2 363 5.8 160.4
11/09/2015 Cost and Schedule Review EO'B 39




Labor Profile for All incl Scientist and Students
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All labor contributions including Univ scientists and students. Includes SiTracker Option
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36.18 FTE
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WBS to L4 with Institutions

2 WHS§Name Institution
3 1.1§Project Management BML
4 1.2fMagnet BML
5 1.2.1] Magnet Management and Technical Owversight BML
6 1.2.28 Magnet Systems Engineering & Design BML
. 1.2.2.1 Magnet Mechanical Coil/Core Modifications Engineering and Design BNL
B 1.2.2.2 Cryogenics System Engineering & Design BML
3 1.2.23 Magnet Power Supply and Quench Protection Engineering and Design BML
0 1'1'EAEMTW ; TOOTES & SIEss oL
11 1.2.3] Magnet Systems Fabrication BML
12 1.2.3.1 Magnet Mechanical CoilfCore Modifications Fabrication BNL
13 1.2.3.2 Cryogenics System Fabrication BML
14 1.2.3.3 Magnet Power Supply and Quench Protection Fabrication BNL
15 1.2.34 Magnet Field Measurements Equipment Purchase and Fabrication BML
16 1.2.3.5 Complete Magnet Parts/Component Fabrication BML
17 1.2.48 Magnet Systems Installation/Testing BML
18 1.24.1 Magnet Mechanical Coil/Core Modifications Installation and Testing BML
19 1.2.4.2 Cryogenics System Installation/Testing BML
20 1.24.3] Magnet Power Supply and Quench Protection Installation and Testing BML
1244 Magnet Fileld Measurements Installation and Test, Post-Test Field Studies and
21 Stress Analysis, BML
22 1.2.4.5 Complete Magnet Installation and Testing BML
23 1.3RTracker
4 1.3.1F Tracker Management SBU, RIKEN
25 1.3.2§ Pixel Detector BML or LANL
26 1.3.2.1 Pixel Design BML or LANL
7 1.3.2.2 Pixel Production BML or LANL
28 1.3.3fF Outer SiStrip Detector RIKEM
29 1.3.3.1 Quter 5iStrip Design (Mech and system) BML
30 1.3.3.2 SiStrip Prototyping RIKEM
31 1.3.3.3 Quter 5iStrip Production RIKEM
32 1.3.3.4 SiStrip Electronics LML




WABS to L4 by Institution

“PHENIX
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1.3.48 Time Projection Chamber
1.3.4.1 TPC Design SBU
1.3.4.2] TPC Prototype SEU, WIS
1.3.4.3 TPC Production 38U
1.3.4.4 TPC Electronics ORML,BNL
1.3.50 Final Tracker Assembly/Testing Integration BML
1.4REMCal
1.4.1f EMCal Management BML
1.4.2F EMCal Design BML
1.4.3] EMCal Prototype UCLA, BML
1.43.1] EMCal Prototype v2 UCLA, BNL
1.4.3.2 EMCal Preproduction Prototype UCLA, BML
1.4.48 EMCal Production JIuc
1.4.4.1 EMCal Tower/Module Production Uiuc
1.44.2 EMCal Module/Sector Assembly Jiuc
1.4.4.3 EMCal Module Testing/CalibrationfIntegration e
1.5§HCal
1.5.1f HCAL management =
1.5.2§ Inner HCAL WS, 15U
1.5.2.1 Inner HCAL design BML
1522 Inner HCAL prototype WELL 15U
1.5.2.3 Inner HCAL production WL, 15U
1.5.3§ Outer HCAL BML
1.5.3.1 COuter HCAL design BML
15.3.2 Outer HCAL prototype BML
1.5.3.3 Quter HCAL production BML
1.6§Calorimeter Electronics BNL
1.6.1f CalElectronics Management BML
1.6.2§ Calorimeter Optical sensors BHL
1.6.2.1 EMCal Sensor Specification BML
1.6.2.2 EMCal Sensor Procurement BMNL
1.6.2.3 HCal Sensor Specification BML
1.6.24 HCal Sensor Procurement BML
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1.6.2.4 HCal Sensor Procurement BML
1.6.3] Calorimeter on detector electronics BML
1.6.3.1 EMCal On detector electronics design BHL
1.6.3.2 EMCal on detector electronics prototype BMNL
1.6.3.3 EMCal on detector electronics production BHL
1.6.3.4 HCal on detector electronics design BRL
1.6.3.5 HCal on detector electronics prototyping BRL
1.6.3.5 HCal on detector electronics production BHL
1.6.44 Calorimeter digitizer system Columbia U
1.6.4.1 Calorimeter digitizer design Columbia U
1.6.4.2 Calorimeter Digitizer prototype Columbia U
1.6.4.3 Calorimeter digitizer production Columbia U
1.74DAQE&Trigger Columbia U
1.7.1] Project oversight and Management Columbia U
1.7.2§ DAO BMNL
1.7.2.1 DAQ Design BHL
1.7.2.2{  DAQ Prototype BMNL
1.7.2.3 DAQ Production BML
1.7.31 Trigger TBD
1.7.3.1 Trigger LL1 TBD
1.7.3.2 Trigger: MB Detector TBD
L.ByInfrastructure BMNL
1.08.01§ Project Management and Oversight BML
1.08.02§ Infrastructure Design BML
1.08.03§ Infrastructure System Production BMNL
1.98Install & Integration BML
1.09.01§ Integration Supervision BML
1.09.028 Integration Management and Technical Coordination BML
1.09.03] Integration/Installation Tooling/Fixture/Procedures Design & Production BML
1.09.04§ sPHENIX Installation BML
1.09.04.01 Infrastructure Installation BML
1.09.04.02 CP CarriageAssembly BMNL
1.09.04.03 sPHENIX 5C Magnet Installation BMNL
1.09.04.04 Outer HCal Installation BMNL
1.09.04.05 Inner HCal Installation BML
1.09.04.06 EMCal Installation BML
1.09.04.07 Tracking Installation BHL




Basis of Estimate Documents

Fab SC-magnet quench protection

Diate of Est:
. 10/1/2015

sPHENIX Detector Preparei by
Relativistic Heavy Ion Collider D. Phillips

BASIS of ESTIMATE (BoE) TDiocHo. (refer Rev. Loz):

WEBS number: 113313 WES Title: ProcureFabricate P5-Aag-QD DC Hook-up Farts

WEBE Dictionary Definition: Refer. WBS Dictionary

Estimate Tvpe {check all that apphy:

_ Work Complate

_ ExistingPurchasa Ordar

__ (CatalogListing or Industrial Construction Databasa

__ Documentad Vandor Quotation basad on Drawings' Skatches! Specifications
__ Budgstary Estimate by VendocFabricator basad on Sketches, Dirawings, or othar Written Cormespondang
_x Engineering Estimatzbased on Similar Items orProcadurss
__ Enpineering Estimatabasad on Analysis

_ E=xpertOpinion

Supporting Documents (induding but not limited to):

S35mem cable = 12cables x (50° PS-WCB + §0° WCB-Magz + 50 Mag DR+ 25 DE-WCB + 50 WCB-P5) x $16/ft = 348k
Lugs =10 locations x 12 lugs Jocation x 325 lug = §3k

Water Cooled Buss (WCB) Parts = $3k

Cable Tray Farts =$4k

Miscellaneous Parts =32k

Total =360k

Details of the Base Estimate (explanation of the Work)

This estimate is formaterials for hook-up of the DC power from the Power Supplyin 1008E to the Magnat
in 100 8-IE, including the hook-upto the Dump Rasistor{whichmavbalocatedin 1008B or 1008-IR).

Assumptions Usedin Developing Estimate:

*  Rsusingsxisting PHENIX Masnat Watar Coolad Buss (two pairs of WCB in parallsl, with minor
modifications) as the cormactionbatwean 10086 and 1008-IF.
* 12 zach 535 MCM cablas to carrvtha 4600 A magnst cumrent.

11/09/2015

Cost Summary

Material Designer Engineer Tech Phiysicist Student
[51 [ [d] [d] [ [d]
Subsystem: 0,000 ® X ® ® ®

Contingency
M&S Contingency Bules Applied

= N4
&  Enginsering Estimats based on Similar items

Labor Contingency Bules Applied

. L4

®  Engingsring Estimate based on Similar Items

Comments:

Provids any additional details that may qffect scope, gffort, matsrials, sstimating technigus sketches,
calculations, ste.

Risk Analvsis: — (To Ba Complated by Subsystam Mansgar)

#  Schaduls Risk — (see Impact Assessmant Matrixand Risk Clas sification Matrix)
— Potantisl problem:
- Mitiestion:
* CostRisk—(see Impact Assessment Matrix and Risk Clas sification Matrix)
— Potential problam:
- Mitieation:
*  Tachnical/Scops Risk — (522 Impact Assessment Matrix and Risk Classification hatrix)
— Potantisl problem:
— Mitiestion:

Subsystem Manager: Date; .

Cost and Schedule Review EO'B
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Basis of Estimate Documents
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Procure SiPMs for EMCal

Date ofEst:
. 26-Oct-2015
sPHENIX Detector Frepared by
Relativistic Heavy Ion Collider
- E_J Mannel

BASIS of ESTIMATE {BOE] DocNo. (refer Rev. Log): Rev.1

WBS pumber: 1623211 WEBS Title: Order production EAICal sensors

WHS Dictionary Definition:
Procure apticz] sensors for EMIC3E] and provide over sisht of procusement process

Estimate Tvpe (check all that apply):

_ Work Complate

__ ExistingPurchasa Ordar

__ CatslogListing or Industrial Construction Database

_ Documentad Vendor Quotation based onDirawings' Skatches' Specifications
X Budgstary Estimateby Vander/Fabricator based on Skatches, Dirawings, or other Writtan Corraspondeang
__ Engineering Estimatabased on Similar Items orProcadures
__ Enginserins Estimatabasad on Analvsis

_ ExpertOpinion

Supporting Documents (inchding but not linated to):

Forexampls, attach anenginesing estimate or budgetay guots, alongwith supporting sketches or
calsulations.

Details of the Base Estimate (explanation of the Work)

Thiz BOE iz for the procurement of the 95, 304 optical sensors reguived for the EMCal detector. The optizal
zensors are standard production itewms for the vendor af the componsnt spscified in the rgference design. The
optical sensovs reguive a dvnamicvangeof ] 0" a gain of 1 F and capabls of operating in a 1. 5T magnetic field.

Assumptions Usedin Developing Estimate:

Componsnt cost extimars is bassd onthe numbsr of devicss requived forrgferencs design plus 10%,
and budgaary estimate fromvendor. Labor estimate iz based ontime estimated to update order
specifications and verifi delivery af componanrs. It is assumed that the optical sensor for both the
EMCal and HCal will be identical.

11/09/2015

Cost and Schedule Review

Cost Summary

Material Designer Enginesr Tech Phiysicist Student
[51 [dl [d] [d] [d] [d]
Subsystem: 420, 000 X 22 x X X

Contingency

M&S Contingency Rules Apphed

* M4:40%
# Pricing bosed on budgetory quate from vendor. Devices gre gff the s=ff components.

Labor Contingency Rules Apphed

. L2-10%

»  Laboris forprodusing ovder specification documents, tracking ordsr andverifving delivery af components

Comments:

Provids any additional dstails that may qffest seope, gffort, marerials, estimating techniqus, skerches,
calculations, ste.

Risk Analvsis: — (To Ba Completed by Subsystam Managsr)

* Schzdulz Risk— (522 Impact Asszszmant Matrix and Risk Classification Matrix)
— Potsntial problem:
—  Mitieation:
# CostRisk — {522 Impact Assessment Matrix and Risk Clas sification Matrix)
— Potsntisl problem:
—  Mitiestion:
* Tachnical/Scops Risk — {522 Impact Asseszmant Matrix and Risk Classification Matrix)
— Potsntial problem:
— Mitiestion:

EO'B 45



